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Abstract—We are interested in high data rates internet access,
by the mean of LTE based wireless networks. In the aim
to improve performance of wireless networks, we propose an
approach focused on the use of UE equipped by directional
receiving antennas. Indeed, these antennas allow to mitigate
the interference and to improve the link budget. Therefore,
the Signal to Interference plus Noise Ratio (SINR) can be
improved, and consequently the performance and quality of
service (QoS), too. We establish the analytical expression of the
SINR reached by a user with directional antenna, whatever its
location. This expression shows that directional antennas allow
an improvement of the SINR, and to quantify it. We develop
different scenarios to compare the use of directional antennas
instead of omnidirectional ones. They allow to quantify the
impact of directional antennas in terms of performance and QoS.
Index Terms—Wireless, LTE, directional antennas, perfor-
mance, quality of service, throughput and coverage analysis
I. INTRODUCTION
With the development of internet services and the exploding
traffic demand, one of the great challenges for telecommunica-
tions operators is to offer high data rates services wherever the
user is. Indeed, the deployment of broadband internet access
in rural areas is costly since it usually requires building or
upgrading a large area wired access networks for very few
people. A solution to decrease this cost consists in offering
internet high data rates services by using wireless access. In
this case, rural area users are connected to the network by
using a radio access mean, i.e. a radio base station, connected
to the internet, transmitting and receiving data. With similar
data rates as ADSL, LTE is particularly interesting to be used
for fixed rural internet access.
Unfortunately, LTE is highly sensitive to interferences. The
challenge consists in decreasing the interferences in order
to increase the SINR and capacity. Different solutions are
possible to mitigate interferences and they are to a large
extent complementary: Antenna parameters planning, Inter-
Cell Interferences Coordination (ICIC), Coordinated multi-
point (CoMP), High-order Multiple Input Multiple Output
(MIMO), Advanced receivers such as Interference Rejection
Combining (IRC) etc... Another solution is proposed in this
paper: using terminals with directional antennas. This solu-
tion requires static position of the terminal and is obviously
specific to fixed radio services. Directional antennas should
allow minimizing the interferences and, at the same time,
significantly improving the link budget, thus allowing large
cells deployment and higher network capacity.
Inter-Cell Interferences Coordination (ICIC) [1] [2] [3]
is another technique allowing the limitation of interferences
impact. The efficiency of this technique depends on the
’coordinations’ between cells that can be done. Coordinated
Multi-Point (CoMP) transmission techniques [4] [5] allow
to limit the interferences or have limited capability of in-
terferences suppression. CoMP requires the transmitters to
share channel-state information (CSI). Multiple Input Multiple
Output (MIMO) techniques [6] [7] allow to improve the
SINR. This technique is based on the deployment of multiple
transmitting antennas and mutiple receiving antennas.
Our Contribution: In this article, we develop an analytical
approach which allows to easily calculate the SINR achievable
in a given area, by users equipped with directional receiving
antennas or omnidirectional receiving antennas. It allows the
calculation of the CDF (Cumulative Distributed Function) of
the SINR of user equipments (UE). Since this CDF charac-
terizes the performance and the QoS, it becomes easy to do
an evaluation of the impact of the integration of directional
receiving antennas on UE.
The paper is organized as follows. In Section II, we present
the system model. In particular, we establish the analytical
expression of the SINR of a UE equipped with a directional
or an omnidirectional antenna. In Section III, the scenarios are
described. Section IV presents the results obtained. Section V
concludes the paper.
II. SYSTEM MODEL
We consider a wireless network composed of S geograph-
ical sites, composed by 3 base stations (BS). Each BS covers
a sectored cell. We focus our analysis on the downlink, in the
context of an OFDMA based wireless network (e.g. WiMax,
LTE).
Let us consider:
• S = {1, . . . , S} the set of geographic sites, uniformly
and regularly distributed over the two-dimensional plane.
• N = {1, . . . , N} the set of BS, uniformly and regularly
distributed over the two-dimensional plane. The BS are
equipped by directional antennas (fig. 1): N= 3 S.
• H sub-channels h ∈ H = {1, . . . ,H} where we denote
W the bandwidth of each sub-channel.
• Each sub-channel consists in a fixed number of sub-
carriers.
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• P (k)fh (u) the transmitted power assigned by base station
k to sub-carrier f in sub-channel h towards user u.
• g(k)fh (u) the propagation gain between transmitter k and
user u in sub-carrier f and sub-channel h.
We assume that time is divided into slots. Each slot consists
in a given sequence of OFDMA symbols. Since the time is
slotted, transmissions within each cell do not interfere one with
each other. We assume that there is no interference between
sub-carriers. The total amount of power received by an UE u
connected to a BS k0, on sub-carrier f of sub-channel h is
given by the sum of : useful signal P (k0)fh (u)g
(k0)
fh (u), inter-
ference due to the other transmitters
∑
k∈N ,k 6=k0
P
(k)
fh (u)g
k
fh(u)
and thermal noise Nth.
We consider the SINR γfh(u) defined by:
γfh(u) =
P
(k0)
fh (u)g
(k0)
fh (u)∑
k∈N ,k 6=k0
P
(k)
fh (u)g
k
fh(u) +Nth
(1)
as the criterion of radio quality.
As we investigate the quality of service and performance
issues of a network composed of omnidirectional receiving
antennas and directional ones, the scenarios analyzed consider
that all the subcarriers are allocated to UEs. Consequently,
each sub-carrier f of the sub-channel h of any BS is used and
can be an interferer of the ones of other BS. So we can drop
the indexes f and h.
A. Propagation
Let us consider a path gain g = Kr−ηX, where K is
a constant, r is the distance between a transmitter t and a
receiver u, and η > 2 is the path loss exponent. The parameter
X characterizes the shadowing expressed as a lognormal
random variable.
Let us consider a user M connected at the BS i, located
at distance ri from it and angle θi with the direction of this
antenna (Fig. 2).
1) Omnidirectional receivers: Equipped with an omnidirec-
tional antenna, this UE receives a useful power Po expressed
as
Po(ri, θi) = PtKr
−η
i GT (θi)Xi (2)
where Pt the transmitted power, GT (θi) is the antenna gain
of the transmitting antenna of the BSi, and Xi represents the
shadowing.
2) Directional receivers: When this user is equipped by a
directional antenna, he receives a power Pd expressed as
Pd(ri, θi) = PtKr
−η
i GT (θi)GR(φi)Xi (3)
where GR(φi) is the antenna gain of the directional receiving
antenna and φi represents the angle between the directional
receiving antenna and the direction of the transmitting antenna
(Fig. 1 and 2).
B. Expression of the SINR
The expression (1) of the SINR can be expressed, for each
sub-carrier (dropping the indexes f and h):
γ(ri, θi) =
PtKr
−η
i GT (θi)GR(φi)Xi∑
j∈N ,j 6=i
PtKr
−η
j GT (θj)GR(φj)Xj +Nth
. (4)
We notice that the antenna gain GR = 1 for omnidirectional
receiving antennas.
The angle φj is the angle between the directional receiving
antenna of the UE i (red arrows directed toward the BS in the
central cell in Fig. 1) and the transmitting antenna j. So we
have φj = θj−θi (Fig. 2) . Therefore, as directional antennas
are directed toward the BSi, on the numerator of (4) we have
φi= 0 and GR(φi)= 1 (by using expression (13) of the antenna
gain GR). We can express (4) as:
γ(ri, θi) =
PtKr
−η
i GT (θi)Xi∑
j∈N ,j 6=i
PtKr
−η
j GT (θj)GR(φj)Xj +Nth
(5)
In the aim to analyze the specific impact of the use of
directional receiving antennas instead of omnidirectional ones,
it is interesting to establish the SINR without shadowing.
Indeed, in this way, it is more easy to propose an interpretation
of this impact, since it is not coupled to the influence of a
lognormal random variable.
Considering a density ρS of sites S and following the
approach developed in [9] [12], let us consider a UE located
at (ri, θi) in the area covered by the BSi.
The denominator of (5) can be expressed as:
I =
∫
PtρSKr
−ηGT (θ)GR(θ − θi)rdrdθ
+
3∑
a=2
GaT (θa)GR(θj − θa) +Nth (6)
where the integral represents the interference due to all the
other sites of the network, and the discrete sum represents the
interference due to the 2 base stations co-localized with the
base station i. The index a holds for these 2 BS. Let notice
that θj − θa = 0. So we have GR(θj − θa) = 1. Moreover,
considering the three sectors of a site S, we have for any
angle θ
GT (θ) = G
1
T (θ) = G
2
T (θ + 2pi/3) = G
3
T (θ − 2pi/3),
Since each site is equipped by 3 antennas we can express
(6) as:
I =
∫
PtρSKr
−ηGT (θ)GR(θ − θi)rdrdθ
+ PtKr
−η
i
3∑
a=2
GaT (θa) +Nth
=
∫
PtρSKr
−ηrdr
∫ 3∑
a=1
GaT (θi)GR(θ − θi)dθ
+ PtKr
−η
i
3∑
a=2
GaT (θa) +Nth
=
∫
PtρSKr
−ηrdr × 3
∫
GT (θ)GR(θ − θi)dθ
+ PtKr
−η
i
3∑
a=2
GaT (θa) +Nth (7)
I =
∫
PtρSKr
−ηrdr
∫ 3∑
a=1
GaT (θi)GR(θ − θi)dθ
+ PtKr
−η
i
3∑
a=2
GaT (θa) +Nth
=
∫
PtρSKr
−ηrdr × 3
∫
GT (θ)GR(θ − θi)dθ
+ PtKr
−η
i
3∑
a=2
GaT (θa) +Nth (8)
The approach developed in [9] [12] allows to express∫
PtρSKr
−ηrdr as 2piρSPtK(2Rc−r)
2−η
η−2 , where 2Rc repre-
sents the intersite distance. We refer the reader to [9] [12] for
the detailed explanation and validation through Monte Carlo
simulations. Therefore, (8) can be expressed:
I =
6piPt(2Rc − r)2−η
η − 2 ρSK
∫ 2pi
0
GT (θ)GR(θ − θi)dθ
+ PtKr
−η
i
3∑
a=2
GaT (θa) +Nth (9)
The SINR (5) γ(ri, θi) is finally given by the expression:
1
γ(ri, θi)
=
6piρS(2Rc − ri)2−η
(η − 2)r−ηi
∫ 2pi
0
GT (θ)GR(θ − θi)dθ
GT (θi)
+
∑3
a=2G
a
T (θa)
GT (θi)
+
Nth
PtKr
−η
i GT (θi)
(10)
C. Interest of the analytical formula
The classical way to compute SINR given by (4) needs to
take into account all the distances between the UE and the
base stations. Moreover, the formula is intractable. Therefore,
it is needed to approximate or to do simulations, even if the
shadowing is not taken into account.
Conversely, the formula (10) expresses the SINR by only
considering the distance between the UE and the serving BS.
This formula is tractable and a simple numerical calculation is
Fig. 1. Hexagonal network with directional receiving UE (red arrow toward
the BS).
Fig. 2. User equipment M located at (ri, θi). It receives a useful power from
antenna i and interference power from antenna j. The directional antenna of
UE is directed toward the antenna i .
needed to calculate it. Another advantage of this formula is that
it focuses on the important parameters of the system, such as
intersite distance, propagation parameter, transmitting antenna
gain. It also highlights on the impact of directional antennas,
through the receiving antenna gain, and shows how their use
can decrease the interferences and consequently increase the
SINR.
D. Throughput calculation
The SINR allows to calculate the reachable throughput Du
of an UE u, by using Shannon expression. For a bandwidth
W , it can be written:
Du =W log2(1 + γu) (11)
Expression (11) enables to calculate the theoretical maximum
achievable throughputs.
Remarks: Let notice that the mapping between the
received SINR and the achieved throughput are established
by the mean of link curves in the case of realistic network
systems.
III. SCENARIOS AND ASSUMPTIONS
A. Scenarios
Our aim consists in analyzing the interest to deploy UE
equipped with Directional Receiving Antennas instead of
Omnidirectional Receiving Antennas. Various parameters may
have an impact on the SINR, the throughput and the coverage
of BSs. We present hereinafter the parameters we chose in our
analysis. We analyze different scenarios corresponding to the
situations which may happen in a real network:
• sub-urban environment: ISD = 2000m
• rural environment: ISD = 5000m
• rural environment: ISD = 10000m
For each scenario, we consider two kinds of directional
receiving antennas:
• aperture of 35◦
• aperture of 17.5◦
B. Assumptions
Let us consider:
• Hexagonal network composed of sectored sites
• Three base stations per site
• Antenna gain of transmitting BS is given by (in dB)
GT (θ) = −min
[
12
(
θ
θ3dB
)2
, Am
]
, (12)
where θ3dB = 70◦ and Am =25 dB
• Antenna gain of directional receiving antennas is given
by (in dB)
GR(φ) = −min
[
12
(
φ
φ3dB
)2
, Am
]
, (13)
where (φ3dB ,Am) = (35◦, 23 dB) or (17.5◦, 21 dB)
• downlink OFDM LTE, carrier frequency 2.6 GHz, chan-
nel bandwidth 10MHz,
• the transmitting power: we set it at 46 dBm, as in a
realistic transmission environment.
• standard deviation of the shadowing σ = 8dB.
IV. RESULTS
The analysis is focused on the analysis of the quality of
service, performance and coverage. The establishement of the
cumulative distributed functions (CDF) of the SINR represents
an important characteristic of the system. Indeed, they first
allow to characterize the coverage and the outage probability.
They also characterize the performance distribution, and the
quality of service that can be reached by the system.
A. Impact of the intersite distance on SINR distribution
This analysis consists in determining the interest to deploy
directional antennas according to the kind of environment:
rural or semi-urban. Figures 3, 4 and 5 show the cumu-
lative density function (CDF) of the SINR offered to the
UE, in all scenarios considered. These curves show that,
when the intersite distance increases, the SINR reached by
UEs equipped with omnidirectional antennas decrease. For
example, considering an outage probability of 0.1, the decrease
of the SINR may reach 9 dB. Indeed, for an ISD of 2000 m the
SINR reaches -1 dB (Fig. 3 left) and for an ISD of 10000 m the
outage probability decreases until -10 dB (Fig. 5 left). There
is also a decrease for UEs equipped by directional receiving
antennas. However, this decrease is very low. In particular, it
Fig. 3. CDF of the SINR for suburban environment (ISD= 2000m),
ominidirectional receiver compared to directional one with aperture 17.5◦
(left) and 35◦ (right)
Fig. 4. CDF of the SINR for rural environment (ISD= 5000m), ominidi-
rectional receiver compared to directional one with aperture 17.5◦ (left) and
35◦ (right)
Fig. 5. CDF of the SINR for rural environment (ISD= 10000m), ominidi-
rectional receiver compared to directional one with aperture 17.5◦ (left) and
35◦ (right)
only reaches 0.7 dB in the same case as before. This result
can be explained as follows. The interference due to the other
base stations of the network is larger by using omnidirectional
antennas than by using directional ones (cf. (10)). When the
ISD increases, the impact of thermal noise becomes more and
more important. However, the relative impact is much larger
in the case of omnidirectional antennas than in the case of
directional antennas. We can thus conclude that
(i) whatever the scenario considered, a deployment of UE
equipped with directional antennas allows to improve the
CDF of the SINR (compared to the case where UE are
equipped with omnidirectional antennas). Therefore the outage
probability decreases, and the performance and QoS increase,
(ii) since the coverage of a BS is an increasing function
of the SINR, the use of directional antennas improves the
coverage of a BS, too.
(iii) the performance and QoS of UE equipped by directional
antennas are much less sensitive to the intersite distance, and
thus to the type of environment (rural or semi-urban).
B. Impact of the aperture angle on SINR distribution
Let us consider the same curves as before. Figures 3 and 5
show that an aperture of 17.5◦ allows to reach higher SINR
than an aperture of 35◦. For example, considering an outage
probability of 0.1, the decrease of the SINR reaches 1 dB
by the use of an antenna with aperture of 35◦ instead of
17.5◦ (Fig. 3 left compared to right with ISD=2000 m). This
decrease reaches about 1.5 dB for an ISD of 10000 m (Fig.
5 left compared to right). Therefore, a low aperture allows a
higher improve of the SINR than a wide one. It is due to the
expression of the interference (9) which depends on GR. With
a low aperture, the impact of the interference due to the other
base stations of the network decreases. Let us however notice
that the maximum difference observed on these curves reaches
2 dB. It is relatively low.
C. Impact on the SINR of each UE
The CDF observed in Fig. 3, 4 and 5 show that the use of
directional receiving antennas improves the quality of service
and the performance, and that it allows to decrease the outage
probability in all cases. We could conclude that it is interesting,
in all cases, to use a directional receiving antenna than an
omnidirectional one. However, these curves do not focus of
the impact of the use of directional antennas on each point
of the system. Therefore, it seems interesting to analyze this
point of view:
(i) by calculating for each UE, the difference between the
SINR reached when this UE is equipped by a directional
antenna, and the SINR reached if it is equipped by an
omnidirectional one,
(ii) and by drawing the CDF of that difference of SINR.
This curve is represented in Fig. 6. It can be observed a
very interesting result: that difference may be positiv, negativ,
or null.
This result means that for some UEs of the system, it
is not interesting to replace omnidirectional receivers by
directional ones. It seems to be in contradiction with the other
observations (Fig. 3, 4 and 5), which showed that the use of
directional antennas improved the system in all cases. In fact,
these last curves are the expression of the global behaviour
of the whole system. They do not provide information for
each individual UE. It means that, though globally increase
by using directional antennas, the SINR may locally decrease.
Fig. 6 also shows that, in the 2000 m ISD case, for about 20%
of the UE, the use of directional antennas decrease the SINR
(0 ≤ CDF ≤ 0.2). For a proportion of 20% of the UE the
use of directional antennas neither increase nor degrade the
SINR (0.2 ≤ CDF ≤ 0.4) . And for 60% directional antennas
increase the SINR.
Another interesting result of this curve consists in the
observation of the amplitude of the improvement. Indeed, Fig.
3 shows that the difference between omni directional SINR
and directional one reaches a maximum of about 5 dB. In
contrast, Fig. 6 shows that that difference may reach 20 dB!
This result can be interpreted as follows. The UEs which have
low SINR by using omnidirectional antennas may have a large
improve of SINR by using directional antennas. However, the
use of directional antennas may degrade the SINR of some
UEs, and this degradation may reach 15 dB.
Fig. 6. CDF of the difference at each point of the SINR ’directional’ (aperture
17.5◦) and the SINR ’omnidirectional’ for semi-urban environment (ISD=
2000m)
D. Impact of the shadowing on SINR distribution
Since we established a formula of the SINR without
considering the shadowing, it appears interesting to analyze
the impact of the shadowing, too. In this aim, we compare
simulations by considering shadowing and simulations without
shadowing. Let us remind that UE are connected to the BS
which offers the highest useful power. Fig.7 shows that the im-
pact of shadowing on the distribution of the SINR is relatively
low. It can be observed that for omnidirectional antennas, the
distributions with and without shadowing are identical except
for low values of SINR: the difference reaches about 1 dB for
an outage of 2%. In the case of directional antennas, the curves
are very close: the maximum difference observed is about 1
dB. Therefore, it seems justified to develop an analysis model
without considering the shadowing. Moreover that analysis
allows to establish a simple analytical expression of the SINR.
This one allows to establish performance and quality of service
in a simple way.
Remark : This result is due to the fact that UE are connected
to their best serving station, i.e. the BS which offers the highest
useful signal.
Fig. 7. CDF of the SINR for suburban environment (ISD= 2000m),
ominidirectional receiver compared to directional one with aperture 17.5◦
(left) and 35◦ (right)
V. CONCLUSION
We propose an approach, based on the use of directional re-
ceiving antennas on UEs, to mitigate interferences in wireless
networks. We show that solution allows an improvement of the
CDF of the SINR, therefore an improvement of performance
and quality of service, and we quantify it. Although the
SINR is degraded for some UEs, most of them have a high
improvement of their SINR. Moreover, we establish that this
solution is very few sensitive to the environment, rural or semi-
urban. And it is less complex to implement and deploy than
other solutions based on ICIC or CoMP. This solution seems
to perfectly fit with high data rate Internet access.
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